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We evaluated the linkage between oxygen uptake at the ventilatory threshold (VT) and muscle
strength in subjects with and without metabolic syndrome. We used data of 226 Japanese men with
metabolic syndrome and 265 Japanese men without the syndrome. Metabolic syndrome has recently
been defined by a new criterion in Japan. Oxygen uptake at VT and muscle strength, i.e. grip strength
and leg strength were measured. Oxygen uptake at VT and muscle strength/body weight were found
to be significantly lower in subjects with metabolic syndrome than in those without the syndrome.
However, the differences did not reach significant levels after adjusting for leg strength/body weight
or oxygen uptake at VI. A combination of aerobic exercise and resistance training might be consid-
ered for preventing and improving metabolic syndrome.
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etabolic syndrome is a common disorder and has

become a public health challenge in Japan [1,
2]. Lifestyle modifications, especially exercise, are
important for preventing and improving metabolic syn-
drome. We have previously reported that a lower
level of oxygen uptake at VT (ventilatory threshold)
[3], which is the upper limit of aerobic exercise and
is thought to serve as an accurate and reliable stan-
dard for exercise prescription [3], and lower muscle
strength/body weight [4] were characteristic in sub-
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jects with metabolic syndrome. However, the relation
between oxygen uptake at VT and muscle strength in
subjects with and without metabolic syndrome remains
to be investigated. In this study, we compared both
oxygen uptake at VT and muscle strength in Japanese
men with and without metabolic syndrome. In addition,
the linkage between oxygen uptake at VT and muscle
strength was also examined.

Subjects and Methods

Subjects. We used retrospective data of 226
Japanese men with metabolic syndrome and 265
Japanese men without metabolic syndrome, aged 21—
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77 years from a data base of 14,345 subjects. All
subjects met the following criteria: (1) they had
received an annual health checkup from June 1997 to
May 2006 at Okayama Southern Institute of
Health; (2) they had received a fasting blood examina-
tion, a cardiopulmonary exercise test and muscle
strength measurements as part of their annual health
checkups; and (3) they provided informed consent.
Ethical approval for the study was obtained from the
Ethical Committee of Okayama Health Foundation.

Oxygen uptake at VI. A graded ergometer
exercise protocol [5] had been carried out at the sub-
jects’ checkups. After breakfast (2 h), resting ECG
was recorded and blood pressure was measured. All
subjects were then given a graded exercise after 3 min
of pedaling on an unloaded bicycle ergometer
(Excalibur V2.0, Lode BV, Groningen, Netherlands).
The profile of incremental workloads was automati-
cally defined by the methods of Jones [5], in which the
workloads reach the predicted VOmax in 10 min. A
pedaling cycle of 60 rpm was maintained. LLoading was
terminated when the appearance of symptoms forced
the subject to stop. During the test, ECG was moni-
tored continuously together with the recording of
heart rate. Expired gas was collected, and rates of
oxygen consumption (VO,) and carbon dioxide produc-
tion (VCO,) were measured breath-by-breath using the
cardiopulmonary gas exchange system (Oxycon Alpha,
Mijnhrdt b.v., Netherlands). The ventilatory thresh-
old (VT) was determined by the standard of
Wasserman et al. [6], Davis et al. [7] and the V-slope
method of Beaver [8] from VO, VCO, and minute
ventilation (VE).

Measurements of muscle strength. To
assess muscle strength, grip and leg strength had been
measured. Grip strength was measured using THP-10
(SAKAI Tokyo, Japan), while leg strength was mea-
sured by COMBIT CB-1 (MINATO, Osaka, Japan).
Isometric leg strength was measured as follows: the
subject sat in a chair, grasping the armrest in order
to fix the body position. The dynamometer was then
attached to the subject’s ankle joint by a strap. Next,
the subject extended the leg to 60 degrees [9]. To
standardize the influence of the total body weight, we
calculated the muscle strength (kg) per body weight
(kg) [10].

Anthropometric measurements.  Anthropo-
metric parameters i.e. height, weight, and waist cir-
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cumference were measured. The waist circumference
was measured at the umbilical level.

Definition of metabolic syndrome. Meta-
bolic syndrome was defined, among men with a waist
circumference in excess of 85 c¢cm, as the appearance
of 2 or more of the following symptoms: 1) dyslipid-
emia: triglycerides = 150 mg/dl and/or HDL. choles-
terol <40 mg/dl, 2) high blood pressure: blood pres-
sure = 130/85 mmHg, and 3) impaired glucose toler-
ance: fasting plasma glucose =110 mg/dl [1].

Statistical analysis. Data are expressed as
means =+ standard deviation (SD) values. A compari-
son of parameters between the 2 groups was made
using the unpaired i-test and covariance analysis.
Simple correlation analysis was performed as well to
test for the significance of the linear relationship
among continuous variables: p < 0.05 was considered
to be statistically significant.

Results

The measurements of oxygen uptake at VT and
muscle strength in subjects with and without metabolic
syndrome are indicated in the Table 1. There was no
significant difference in age between subjects with and
without the syndrome. Body weight and waist circum-
ference in subjects with metabolic syndrome were
higher than those in subjects without the syndrome. In
subjects with metabolic syndrome, oxygen uptake at
VT, grip strength/body weight and leg strength/body
weight (WBI: weight bearing index) were significantly
lower than those without the syndrome. Leg strength
in subjects with metabolic syndrome was significantly
higher than that without the syndrome.

To avoid the influence of muscle strength on oxygen
uptake at VT, we used WBI as a covariate and com-
pared oxygen uptake at VT using covariance analysis.
In subjects with metabolic syndrome, oxygen uptake at
VT showed comparable levels to that of subjects with-
out the syndrome. The differences in oxygen uptake at
VT between men with and without metabolic syndrome
did not show statistical significance after adjusting for
other parameters of muscle strength i.e. grip strength,
leg strength and muscle strength/body weight. In turn,
to eliminate the influence of oxygen uptake at VT on
muscle strength, we used oxygen uptake at VT as a
covariate and compared muscle strength. After
adjusting for oxygen uptake at VT, no significant dif-
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ference in leg strength and muscle strength/body
weight was observed between Japanese men with and
without metabolic syndrome.

We investigated the relationship between oxygen
uptake at VT and the parameters of muscle strength
and muscle strength/body weight. Oxygen uptake at
VT was weakly correlated with muscle strength and
muscle strength/body weight parameters in metabolic
syndrome, non-metabolic syndrome and all subjects

(Table 2).
Discussion

We investigated the linkage between oxygen uptake
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at VT and muscle strength in metabolic syndrome.

In some of the literature, cardiorespiratory fitness
and muscle strength are closely associated with meta-
bolic syndrome [11-14]. There are few studies focus-
ing on the reciprocal effect of oxygen uptake at VT and
muscle strength on metabolic syndrome. Jurca R et al.
have reported examining the associations for muscle
strength with the prevalence of metabolic syndrome
using the National Cholesterol Education Program
definition [14]. They concluded that muscle strength
has an inverse association with metabolic syndrome,
but the association was attenuated when further
adjusted for cardiorespiratory fitness. In this study,
using the new Japanese criteria for metabolic syn-

Table 1 Comparison of parameters between Japanese men with and without metabolic syndrome

Metabolic Metabolic

syndrome syndrome p p p

(+)

Number of subjects 226 Unpaired t test Adjusting for WBI Adjusting for VT
Age 49.1 +10.5 493+ 11.1 0.8428
Height (cm) 168.6 +5.8 168.3+5.7 0.5756
Body weight (kg) 81.2+128 719+121 < 0.0001
Waist circumference (cm) 95.6 +8.4 85.9+9.2 < 0.0001
Oxygen uptake at VT (ml/kg/min) 13.2+2.2 148 +3.4 < 0.0001 0.0611
Right grip strength (kg) 445 +8.3 435+ 8.6 0.1792 0.5528
Left grip strength (kg) 426+79 42.0+8.0 0.4282 0.5790
Leg strength (kg) 68.2 £18.1 64.9 +17.5 0.0405 0.7202
Right grip strength (kg)/body weight (kg) 0.55+0.10 0.61+0.11 < 0.0001 0.1377
Left grip strength (kg)/body weight (kg) 0.53+0.10 0.59 +0.10 < 0.0001 0.1381
WBI 0.84 +0.20 0.90 +0.20 0.0008 0.9420

VT: Ventilatory threshold
WBI: Weight bearing index [leg strength (kg)/body weight (kg)]

Table 2  Simple correlation analysis between oxygen uptake at VT and muscle strength parameters

Metabolic syndrome Metabolic syndrome

Total
(+) (-)
r r o r 9]

Right grip strength (kg) 0.160 0.0004 0.199 0.0026 0.180 0.0033
Left grip strength (kg) 0.152 0.0007 0.175 0.0082 0.170 0.0055
Leg strength (kg) 0.145 0.0013 0.140 0.0350 0.204 0.0008
Right grip strength (kg)/body weight (kg) 0.365 < 0.0001 0.281 < 0.0001 0.345 < 0.0001
Left grip strength (kg)/body weight (kg) 0.350 < 0.0001 0.248 0.0002 0.330 < 0.0001
WBI 0.336 < 0.0001 0.212 0.0013 0.371 < 0.0001

VT: Ventilatory threshold
WBI: Weight bearing index [leg strength (kg)/body weight (kg)]



258 Miyatake et al.

drome, leg strength was found to be significantly
higher in subjects with than in those without the syn-
drome. Oxygen uptake at VT and muscle strength/
body weight were significantly lower in subjects with
metabolic syndrome than in those without it. However,
the differences weren’t significant when adjusted for
WBI or oxygen uptake at VT.

Kawano H et al. evaluated the effects of moderate
resistance training as well as combined resistance and
aerobic training intervention on carotid arterial com-
pliance. They concluded that aerobic training could
prevent the stiffening of carotid arteries caused by
resistance training [15]. Sandvik L et al. reported
that physical fitness was a graded, independent, long-
term predictor of mortality from cardiovascular causes
in healthy, middle-aged men [16]. Metter EJ et al.
also reported that lower and declining muscle strength
was associated with increased mortality, independent
of physical activity and muscle mass [17]. These
findings suggest that a combination of aerobic exercise
and resistance training should be considered for pri-
mary prevention of metabolic syndrome. In this study,
we found lower levels of oxygen uptake at VT and
lower muscle strength/body weight in subjects with
metabolic syndrome, as previously reported [3, 4].
However, the differences were not significant after
adjusting for muscle strength parameters and oxygen
uptake at VT. In addition, oxygen uptake at VT was
weakly correlated with muscle strength and muscle
strength/body weight parameters. Therefore, oxygen
uptake at VT and muscle strength partially depend on
each other in subjects with and without the syndrome.
Especially in subjects with metabolic syndrome, lower
WBI was also noted. A low level of WBI and reduced
exercise activity seems to accelerate metabolic syn-
drome. Although aerobic exercise has traditionally
been advocated as the most suitable for reducing fat
mass [18, 19], it is difficult for subjects with meta-
bolic syndrome to support the entire body’s weight; it
is also difficult for subjects with metabolic syndrome
to carry out aerobic exercise i.e. walking and jogging.
A combination of aerobic exercise and resistance
training might be considered for preventing and
improving metabolic syndrome. It is important for
metabolic syndrome patients to maintain or maximize
the muscle strength of their lower limbs as well as to
carry out aerobic exercise.

Potential limitations remain in our study. First,
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the cross-sectional study design as well as the small
sample size in our study makes it difficult to infer cau-
sality between metabolic syndrome, oxygen uptake at
VT and muscle strength. Second, we could not accu-
rately prove the mechanism of linkage between oxygen
uptake at VT and muscle strength.

In conclusion, both aerobic exercise and resistance
training are necessary for the prevention and treat-
ment of metabolic syndrome.
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